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apparatus having bandpass effect 

(57) An apparatus utilizing the basic 
oscillation characteristics of the Col- 
pitts or Pierce and Hartley oscillator 
configurations. In this embodiment 
the basic shunt reactive shunt arms 
(14, 16) are replaced with a se- N 
lected pair of lank circuits or one of 
the shunt arms with a series or 
parallel tank circuit. These tank cir- 



cuits are tuned such that the sign of 
their effective reactances are the 
same between the range of reso- 
nant frequencies of the individual 
tank circuits or of the series and 
parallel resonant frequencies of the 
series-parallel tank. When this oc- 
curs and their sigrv differs from the 
sign of the effective reactance of 
the series reactive element, there is 
an 1 80" signal phase shift in the 
feedback loop, and therefore oscilla- 
tion. Resonator 12 is a crystal. 
Other examples of the shunt arms 
are described Figs. 3a-3e, 
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SPECIFICATION 

Oscillator mode suppression apparatus hav- 
ing bandpass effect 

" This invention is concerned generally with 
J/fe; oscillators, and more particularly with resona- 

tor oscillators that generate a signal within a 
f :V . selected band of frequencies having no un- 
10 wanted or spurious outputs above or below 
the selected band frequencies. 
. A typical resonator oscillator will oscillate 
not only at the frequency for which it was 
designed, but also at certain harmonics and 
1 5 sub-harmonics of that frequency, plus other 
spurious frequencies. To separate the desired 
frequency from the others, various mode sup- 
pression techniques have been employed in 
the past. These techniques include: resonant 
20 traps to suppress each unwanted frequency; 
low pass traps for frequencies below the de- 
sired frequency; and post oscillator filters. 

Each of these approaches is a limited, in- 
complete, solution to the problem. The reso- 
25 nam trap approach requires that each of the 
unwanted frequency modes be identified and 
a separate filter be included in the circuit to 
suppress each of those modes. This results in 
the addition of a large number of additional 
30 parts which addition quickly increases the 
resistive loss in the circuit. 

The low pass trap approach, while requiring 
fewer additional parts than the resonant trap 
approach, only removes the undesired modes 
_ 35 below the desired mode.- There is no suppres- 
sion of the higher frequency modes. A Pierce 
oscillator of the type described on page 70 
and shown in Figs. 7-2 on page 59 of Crystal 
Oscillator Design and Temperature Compensa- 
te tionby Marvin E. Frerking, is illustrative of 
this type of mode suppression. 

, Post oscillator filters, while often providing 
a satisfactory solution to the problem, proba- 
bly more often than not do not present a 
45 satisfactory solution. The downfall of this solu- 
tion comes when the desired frequency mode 
is weak and is dominated by one or more 
stronger unwanted modes. Murphy's law tells 
us that it is more likely that the mode we are 
• 50 interested in will be the weak mode. 

To overcome the shortcomings of each of 
the above-mentioned techniques, the circuit of 
the oscillator feedback path should be such 
that the phase of the feedback signal is 1 80 s 
55 only for a narrow band of frequencies which 
includes the desired frequency. Through the 
use of such an approach, any number of 
unwanted oscillation modes both above and 
below the desired oscillation frequency could 
ou be suppressed successfully. 

The present invention presents such an ap- 
proach. M 

The present invention provides a signal os- 
cillator with mode suoDression aDoarams for 



selected band of frequencies, said apparatus 
comprising: inverting amplifier means having 
an input terminal and an output terminal; and 
signal feedback means, said signal feedback 
70 means including: crystal resonator means con* 
nected in series between the input and output 
terminals of the inverting amplifier means for 
producing a relatively stable oscillator output 
signal; and first and second shunt reactive 
75 means, one of said first and second shunt 
reactive means having one end connected to 
the input terminal of the inverting amplifier 
means, the other of said first and second 
shunt reactive means having one end con- 
80 nected to the output terminal of the inverted 
amplifier means, and the other ends of each 
of the first and second shunt reactive means 
being connected one to the other; at least one 
of said first and second shunt reactive means 
85 having a resonant tank circuit, said resonant 
tank circuit having a reactance value of the 
same sign as the reactance value of the other 
of said first and second shunt reactive means 
and a different sign than the reactive value of 
90 the crystal resonator means for providing a 
180° phase shift through the signal feedback 
means in the selected band of frequencies. 

In the apparatus set forth in the last preced- 
ing paragraph, it is preferred that one of said 
95 first and second shunt reactive means in- 
cludes a parallel resonant tank and the other 
of said first and second shunt reactive means 
includes a series resonant tank. 
In the apparatus set forth in the last preced- 
100 ing paragraph, it is preferred that said parallel 
resonant tank has a resonant frequency, f v 
and said parallel tank has a negative reac- 
tance above f, and a positive reactance below 
f v * and said series resonant tank has a reso- 
1 05 nam frequency, f 2 , and said series tank has a 
positive reactance above f 2 and a negative 
reactance below f 2 ; said resonant frequencies 
f, and f 2 defining said selected band of fre- 
quencies. 

110 in the apparatus set forth in the last preced- 
ing paragraph, f , may be selected to be less 
than f 2 causing said crystal resonator means 
to assume a positive reactance value between 
f, and f 2 and the oscillator to operate in the 
1 1 5 Colpitts or Pierce configuration between fre- 
quencies f, and f 2 . Alternatively f 2 is selected 
to be less than ^ causing said crystal resona- 
tor means to assume a negative reactance 
value between f 2 and f, and the oscillator to 
1 20 operate in the Hartley configuration between 
frequencies f 3 and f,. 

In the apparatus set forth in the last preced- 
ing paragraph but three, it is preferred that 
one of said first and second shunt reactive 
125 means includes a tank circuit having a series 
resonant path and a parallel resonant path; 
the other of said first and second shunt reac- 
tive means includes a first non-resonant reac- 



ll-Nov-2003 16:35 From-GILL JENNINGS 4 EVERY 



+44 20 7377 1310 



T-095 P. 103/107 F-i 




GB2047 491A 



20 



and a parallel resonant frf^^^^ih^^i^'- 
quencies defining The bahd?g^e^i^TO^fe^ 
between which oscillation isfpplsibfe^^^^£ 
- in the .apparatus set f6rth : in^e|last 5 pre^^r 
|p|icig pa^raph, h is P^^^^BM^M 1 ^ 1 
v ""2^circujt ^:cornprises a series respnantlreaci^ 
jgcfrc^^ in' parallel with a^^^^ 
l^^panr reactive circuit path;f^.t^|HM 
fe '^j|^tKe. apparatus set forth in Sfte !laprprec^! 
^^r^^paragraph, it is preferred thatch e^ series^ 
^presbhant reactive circuit path TOmprfeestja^if 
10^>^inductor connected in series with a--fca"paciifc^ 
M% *H- ,n the apparatus set forth in the last precied^ 

ing paragraph, it is preferred that said second 
v 'g"1 5 non-resonant reactive circuit path comprises 
an inductor; and said first non-resonant reac- 
tive circurt comprises a capacitor. l : J- .4. \ 

In the apparatus set forth in the i last preced- 
ing paragraph, it is preferred that said, second 
non-resonant reactive circuit path comprises a 
capacitor: and said first non-resonani 'reactive 
circurt comprises an inductor. 

In the apparatus set forth in the last preced- 
ing paragraph but four, it is preferred that the 
25 tank circuit comprises a parallel resonant reac- 
tive circuit path in series with a second noh- ; 
resonant reactive circuit path- 

In the apparatus set forth in the last preced- 
ing paragraph, it is preferred that the parallel 
30 resonant reactive circuit path comprises an 
inductor connected in parallel with a capaci- 
tor. 

In the apparatus set forth rn the last preced- 
ing paragraph, it is preferred that said second 
35 non-resonant reactive circuit path comprises 
an inductor; and said first non-resonant reac- 
tive circuit comprises a capacitor. 

In the apparatus set forth in the last preced- 
ing paragraph, it is preferred that said second 
40 non-resonant reactive circuit path comprises a 
capacitor; and said first non-resonant reactive 
circurt comprises an inductor. 

In accordance with the preferred embodi- 
ment, the present invention includes an invert- 
45 ing amplifier and a feedback path between the 
input and output terminals of the amplifier. 
This feedback path includes a series reactive 
element in the form of a crystal resonator and 
a pair of shunt reactive elements one end of 
50 each being connected to the two ends of the 
crystal resonator and the second ends of the 
shunt elements being connected together to 
form a common line. 
. There are two basic embodiments of the 
00 . present invention. They are a two-arm band- 
pass mode suppression configuration. In the 
two-arm configuration one of the shunt reac- 
tive elements includes a parallel resonant tank 
and the second of the shunt reactive elements 
includes a series resonant tank. Each of these 
tanks have a resonant frequency at which the 
sign of the reactance of the tank switches 
from positive to negative. By the proper 
choice of the values of the capacitors and 

---1 rtt L 



resonant frequencies can be made to define a 
band of frequencies substantially between 
which the feedback path provides a phase 
shift of 180\ 

In the one-arm .bandpass mode suppression 
configuration one of the shunt elements in- 
cludes a non-resonant reactive circuit, while 
the other shunt element includes a resonant 
^ jfr t tank with both a series and a parallel resonant 
,^^5/*path. In this configuration the series resonant 
^p|^|frequency and the parallel resonant frequency 
%^^|pf that shunt element define the band of 



60 



^|^%frequency between which oscillation is possi- 

''V-^'ble. 

* 80y- Each of these configurations lends itself 
equally to both the Colpitis or Pierce and the 
Hartley oscillator configurations. In each of 
these basic osillator configurations, a feedback 
path phase shift 180° is only possible when 
85 the sign of the series reactance element is 
different from the sign of both of the shunt 
reactance elements. To achieve this within the 
desired band of frequencies, the sign of the 
>< r effective reactance of the shunt reactive ele- 
,f 90 ments must match in that range. This can be 
achieved again by the proper selection of the 
^values of the capacitors and inductors that 
used in the shunt reactive element tank circu- 
its. 

95 There now follows a detailed description 
which is to be read with reference to the 
accompanying drawings of embodiments ac- 
cording to the present invention and examples 

of - the prior art; n is to be clearly understood 
1 00 that the embodiments of the invention here- 
inafter described- have been selected for de- 
scription by way of example and not by way 
of limitation. 
In the accompanying drawings:- 
Figure 7 is a schematic representation of 
one embodiment of the circuit of an oscillator 
according to the present invention oscillating 
only within a selected rdnge of frequencies; 
- 1 n Fl ^ res 2a > 2b and 2c are schematic repre- 
no sentations of the circuit of Fig. 1 operating in 
a Co^itts or Pierce configuration at frequen- 
cies below, between, and above, respectively, 
two preselected frequencies that define the 

1 1 c ' n Which the circuiT oscillates; 

115 Figures 3a to 3e are schematic representa- 
tions of additional shunt arm circurt pair confi- 
gurations that may be substituted for the pair 
shown in Fig. 1 ; 

1 nn ♦ f 9 9 ur *f**?nd 4b are schematic represen- 
120 tations of basic Colpitis and Hartley oscilla- 
tors, respectively; 

Figures Sa and 5b are schematic represen- 
tations of oscilla lor s having a series resonator 
element in the Colphts and Hartley configura- 
125 tions, respectively; 

Figure 6a is a schematic representation of 
an equivalent circuit of a crystal resonator; 
and 

. ~~ . % are 6b is a graphical representation of 
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frequency. 

. Figs. 4a and 4b show simplified circuit 
diagrams of two well known oscillator circuits. 
Each of these circuits includes an inverting 
5 amplifier 10, a series reactive element 12, 
and two shunt reactive elements 14 and 16. 
The shunt reactive elements 1 4 and 1 6 have 
one end connected to opposite ends of the 
series reactive element 1 2. The other end of 
10 each of the shunt reactive elements 14 and 
16 is connected in common to a return line 
1 8, The junction between the series reactive 
element 1 2 and the shunt reactive element " 
1 6 is connected to the input terminal of the 
1 5 inverting amplifier 1 0. Additionally, the out- 
put of the inverting amplifier 10 is connected 
to the junction between the series reactive 
element 1 2 and the shunt reactive element 
14. The circuit configuration in Fig. 4a in- 
20 dudes an inductor as the series reactive ele- 
ment 12. and capacitive elements 14 and 16, 
making this a Colpitts type oscillator. Fig. 4b 
shows a complimentary circuit wherein the 
series reactive element 1 2 is a capacitor and 
25 the shunt reactive elements 14 and 16 are 
inductors making this a Hartley type oscillator. 

Figs. 5a and 5b represent oscillator circuits 
which are similar to the Colphts and Hartley 
type circuits respectively of Figs. 4a and 4b. ' 
30 In each of these circuits, the series reactive 
element 1 2 as shown in Figs. 4a and 4b has 
been replaced with a resonator element such 
as a crystal resonator. A crystal resonator has 
the advantage of appearing to have either a 
35 capacitive or an inductive reactance character- 
istic depending on the tuning effect of the 
shunt reactive elements. The advantage of 
using a crystal resonator instead of the simple 
series reactive elements of Figs. 4a and 4b is 
40 that it typically has a very high Q or phase-to- 
frequency slope relationship resulting in a 
much stabler output frequency. 

Fig. 6a shows an equivalent circuit for a 
crystal resonator having both a series and a 
45 parallel resonance path. It is this combination 
of resonances That permits the crystal resona- 
tor to be used as either an inductive or a 
capacitive reactance in an oscillator circuit. A 
reactance-versus-frequency curve of the equiv- 
50 alent circuit of a crystal resonator is shown in 
Fig, 6b, From this Figure we can see that 
when a crystal resonator is used as the series 
reactive element 1 2 in a Colpitts type oscilla- 
tor (Fig. 5a), it acts as an inductive element 
55 operating at a point between series resonance, 
w 5 and parallel resonance, w p , on the positive 
going portion of the curve. This being a 
positive reactive portion of the curve indicates 
that crystal is inductive at this frequency. The 
60 exact location of point A between ^ and ^ 
depends on the equivalent capacitance of the 
remainder of the oscillator circuit. If the crys- 
tal resonator is used in place of the series 
_ reactive element 12 in the Hartley type circuit 
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be 8 capacitor and operate at point B on the 
negative going portion of the reactance curve. 
In the negative portion of the ractance curve, 
the crystal resonator has a capacitive reac- 
70 tance. 

One embodiment of the present invention is 
shown in Fig. 1 . The oscillator circuit depicted 
in this Figure is similar to those shown in 
Figs. 4a and 4b. Here the series reactive 
75 element 12 is shown as a resonator, typically 
a crystal resonator, and the shunt reactive 
elements 1 4 and 1 6 are shown respectively 
as a parallel reactive tank circuit and a series 
reactive tank circuit. This approach is a two- 
80 arm bandpass mode suppression approach. In 
this Figure the shunt reactive element 1 4 
consists of an inductor 28 connected in paral- 
lel with a capacitor 30 and the shunt reactive 
element 1 6 consists of an inductor 32 con- 
85 nected in series with a capacitor 34. A vari- 
able capacitor 68 is shown connected in se- 
ries with a resonator 12 and provides a small 
degree of fine tuning for the oscillator fre- 
quency (point A of Fig, 6b). 
90 As in any oscillator, it is necessary that the 
feedback circuit provides a 1 80* phase shift 
in order to obtain oscillation. This 1 80* phase 
shift can only be obtained when the series 
reactive element 12 has a reactance character- 
95 istic that is of a different sign from that of the 
two shunt reactive elements 14 and 1 6, i.e., 
if the series reactive element 12 is inductive' 
having positive reactance, then for the circuit 
to oscillate, both of the shunt reactive ele- 
1 00 ments 1 4 and 1 6 must be capacitive, having 
negative reactance. To achieve this result in 
the circuit of Fig. 1, it is necessary to select 
the element values of the inductors 28 and 
32 and of the capacitors 30 and 34 in such a 
1 05 way that this result is achieved in a prese- 
lected band of frequencies. Since we are 
using a crystal resonator as the series reactive 
element 12, the band which is selected must 
contain one of the frequencies pf oscillation of 
1 1 0 that resonator. 

Thus, if we choose to operate the circuit in 
the Colpitts or Pierce configuration, the reso- 
nator 12 will have to appear to be inductive 
when both of the shunt reactive elements 14 
1 1 5 and 1 6 appear to be capacitive. To obtain 

oscillation of the circuit of Fig. 1 only within a " 
selected band of frequencies it is necessary to 
select the component values of the individual 
elements of the shunt reactive elements 1 4 
1 20 and 1 6 such that their resonance frequencies 
ere the upper and lower oscillation band fre- 
quencies. Additionally, it is necessary for both 
of the shunt reactive elements 14 and 16 to 
have a negative, or capacitive, reactance be- 
125 tween those frequencies. A parallel tank of the 
type shown as the shunt reactive element 1 4 
in Fig. 1 has an inductive reactance below its 
resonant frequency, f t , and a capacitive reac- 
tance above f, . Similarly. The* <z#rlex tank of 
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element 1 6 has a capacitive reactance below 
its resonant frequency, f 2 , and inductive reac- 
tance above f 2 . Thus, f, must be less than f 2 
so that the shunt reactive elements 1 4 and 1 6 
5 both have a negative or capacitive, reactance 
between and 1 2 t0 achieve the desired 
bandpass effect. In this case the oscillator will 
have the necessary 1 80" phase shift in the 
feedback circuit only between the frequencies 

1 0 f , and f 2 . If we had chosen to operate the 
oscillator in the Hartley configuration, we 
would have selected the values of the induc- 
tors 28 and 32, and of the capacitors 30 and 
34 such that the shunt reactive elements 1 4 

1 5 and 1 6 both appear to be inductive within the 
desired band. To achieve that result, f, would 
have to be greater than i 2 . 

In Figs. 2a, 2b and 2c there is shown the 
circuit of Fig, 1 operating in the Colprtts 

20 configuration. The circuit in Fig. 2a represents 
the effective reactance of the shunt reactive 
elements 1 4 and 1 6 below the lower band 
limit frequency, f n , wherein the shunt reactive 
element 1 4 has an inductive reactance and 

25 the shunt reactive element 1 6 has a capaci- 
tance reactance. Therefore, no oscillation oc- 
curs since in this configuration there would 
not be a 1 80* phase shift in the feedback 
circuit. Fig. 2b similarly shows the shunt 

30 reactive elements 14 and 16 between the 
selected band frequencies t, and f 2 . Here both 
the shunt reactive elements 14 and 16 have a 
capacitive reactance and therefore- the neces- 
sary 180° phase shift required for oscillation 

35 is present in the feedback circuit. Finally, in 
Fig. 2c the shunt reactive elements 1 4 and 
1 6 are shown as to their effective values 
above the upper band frequency, f 2 . Here 
again the shunt elements have dissimilar reac- 

40 tances and therefore there would be no oscil- 
lation. 

Figs. 3a to 3e represent a number of vari- 
ous shunt reactive element combinations that 
may be used for the shunt reactive circuits 1 4 

4-5 and 16. Fig. 3a shows the circuits of the 

shunt elements that were discussed in relation 
to Fig. 1 and we have seen that this arrange- 
ment lends itself either to the Hartley or to the 
Colpitts configuration. It should be noted here 

50 that the shunt elements of Fig. 3a may be 
interchanged with the series tank being used 
for the shunt reactive element 14 and the 
parallel tank for the shunt reactive element 1 6 
without loss of the desired operating charac- 

55 teristics. 

The shunt reactive element circuit pairs 
shown in Figs, 3b to 3e are of the one arm 
bandpass mode suppression Type. These are 
designated as such since the entire bandpass 

60 effect is created in only one of the shunt legs 
of the oscillator. Those shown in Figs. 3b and 
3c are for a Colprtts type configuration and 
those shown in Figs. 3d and 3e are for a 
Hartley configuration. Additional similaritv be- 



wherein the bandpass tank has both a series 
and a parallel resonance. The similarity be- 
tween Figs. 3c and 3e exists in that there is a 
parallel tank in series with either a capacitor 

70 or an inductor. 

If the shunt circuit pair of Fig. 3b is used in 
the circuit of Fig. 1 for the shunt reactive 
elements 1 4 and 1 6 respectively, or in the 
reverse order, a series parallel tank of the 

75 shunt arm labelled 64 will have an inductive 
characteristic at the high and low frequencies 
and a capacitive characteristic in the desired 
band region. As w-»oo the reactance of capaci- 
tor 38 approaches a short circuit so that the 

80 shunt leg labelled 64 is effectively reduced to 
an inductor 36 in parallel with an inductor 40 
and therefore has an inductive characteristic. 
As <i>-»0, the reactance of the capacitor 38 
approaches an open circuit so that the shunt 

85 leg 64 effectively reduces to the inductor 40 
alone. To understand how the circuit has a 
capacitive reactance at mid band, we will first 
consider only the series tank of the inductor 
36 and the capacitor 38. The series tank at 

90 frequencies below the series resonance, <o,, 
has a capacitive reactance. Above this reso- 
nance frequency it has an inductive reactance. 
At its resonance frequency, t*? e , it has a zero 
impedance or is effectively a short circuit. 

95 Very close to and slightly below co f , this series 
tank portion has a capacitive reactance that is 
dose to zero, i.e., it has a large capacitive 
component, In other words, the series tank 
looks like the capacitor 38 at low frequencies 
1 00 and its capacitive reactance approaches zero 
as a>-»w v If we now add the effect of the 
inductor 40 in parallel with the series tank we 
note that as long as the equivalent capacitive 
reactance of the series tank is very small this 
105 capacitor reactance will shunt out the induc- 
tive reactance of the inductor 40 and the total 
shunt arm 64 will have a capacitive reactance 
over all and appear to be a capacitor. 
The Hartley oscillator pair of shunt elements 
1 10 shown in Fig. 3d operates very similarly to the 
Colpitts shunt arm circuits shown in Fig- 3b. 
In the series parallel tank 66 of Fig. 3d, at 
low and high frequencies it has a capacitive 
reactance and within the desired band it has 
1 1 5 an inductive reactance thus providing the 
bandpass effect that we saw with the shunt 
arm 64 in Fig. 3b. The series parallel tank 66 
operates very similarly to the series parallel 
tank 64 of Fig. 3b. 
1 20 Bandpass shunt arm circuits 70 and 72 of 
Fig. 3c and 3e, respectively, operate in the 
same way as the shunt arm circuits 64 and 
66 of Figs. 3b and 3d, respectively. Through 
the proper choice of inductor and capacitor 
1 25 values for the shunt teg 70 of Fig. 3c, it can 
easily be seen that this circuit at low and high 
frequencies would have en inductive reac- 
tance and in a mid band region could be 
made to have a caoacitivf* rear.tance At Inw 
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would be very small approaching zero and 
thus effectively shunting the capacitor 44 
leaving the inductor 46 to provide the shunt 
arm. At high frequencies the reactance of the 
5 capacitor 44 approaches zero and effectively 
shunts the inductor 48. Thus, the shunt arm 
70 appears as simply the inductor 46. At mid 
band, just above the resonance frequency of 
the capacitor 44 and the inductor 48, the 

10 parallel tank would have a high negative reac- 
tance while the inductor 46 had a moderate 
positive reactance and again through proper 
selection of the circuit elements the sum of 
the reactances could be made to remain nega- 

15 tive within the desired band and thus allow 
oscillation within that band in the Colpitis 
configuration. 

The Hartley configuration shunt arm 72 
shown in Fig. 3e operates in a similar manner 

20 to the Colpitts configuration shunt arm 70 of 
Fig. 3c with just the reverse effect, i.e., at 
high and low frequencies the shunt arm 72 
has a capacitive reactance and in the mid 
band region has the desired inductive reac- 

25 tance through the proper choice of the ele- 
ment values of the capacitors 52 and 56 and 
the inductor 54. 

CLAIMS 

30 - 1 . A signal oscillator with mode suppres- 
sion apparatus for limiting the frequencies of 
oscillation to a selected band of frequencies, 
said apparatus comprising: 

inverting amplifier means having an input 

35 terminal and an output terminal; and 

signal feedback means, said signal feedback 
means including: 

crystal resonator means connected in series 
between the input and output terminals of the 

40 inverting amplifier means for producing a rela- 
tively stable oscillator output signal; and 

first and second shunt reactive means, one 
of said first and second shunt reactive means 
having one end connected to the input termi- 

45 nal of the inverting amplifier means, the other 
of said first and second shunt reactive means 
having one end connected to the output ter- 
minal of the inverting amplifier means, and 
the other ends of each of the first and second 

50 shunt reactive means being connected one to 
the other; 

at least one of said first and second shunt 
reactive means having a resonant tank circuit, 
said resonant tank circuit having a reactance 

55 value of the same sign as the reactance value 
of the other of said first and second shunt 
reactive means and a different sign than the 
reactance value of the crystal resonator means 
for providing 1 80' phase shift through the 

60 signal feedback means in the selected band of 
frequencies. 

2. A signal oscillator with mode suppres- 
sion apparatus according to claim 1 wherein 



the other of said first and second shunt reac- 
tive means includes a series resonant tank. 

3. A signal oscillator with mode suppres- 
sion apparatus according to claim 2 wherein: 

70 said parallel resonant tank has a resonant 
frequency, i u and said parallel tank has a 
negative reactance above f , and a positive 
reactance below f,: and 
said series resonant tank has a resonant 

75 frequency, f 2 , and said series tank has a 
positive reactance above f 2 and a negative 
reactance below f 2 ; 

said resonant frequencies f, and f 2 defining 
said selected band of frequencies. 

80 4. A signal oscillator with mode suppres- 
sion apparatus according to claim 3 wherein 
f t is selected to be less than 1 2 causing said 
crystal resonator means to assume a positive 
reactance value between f, and f a and the 

85 oscillator ,to operate in the Colpitts or Pierce 
configuration between frequencies f, and f 2 . 

5. A signal oscillator with mode suppres- 
sion apparatus according to claim 3 wherein 
f 2 is selected to be less than f, causing said 

90 crystal resonator means to assume a negative 
reactance value between f 2 and f, and the 
oscillator to operate in the Hartley configura- 
tion between frequencies f 2 and f,. 

6. A signal oscillator with mode suppres- 
95 sion apparatus according to claim 1 wherein; 

one of said first and second shunt reactive 
means includes a tank circuit having a series 
resonant path and a parallel resonant path; 

the other of said first and second shunt 
100 reactive means includes a first non-resonant 
reactive circuit; and 

a tank circuit configured as above defined 
has a series resonant frequency and a parallel 
resonant frequency, these frequencies 
105 defining the band of frequencies between . 
which oscillation is possible. 

7. A signal oscillator with mode suppres- 
sion apparatus according to claim 6 wherein 
the tank circuit comprises a series resonant 

110 reactive circuit path in parallel with a second 
non-resonant reactive circuit path, 

8. A signal oscillator with mode suppres- 
sion apparatus according to claim 7 wherein 
the series resonant reactive circuit path com- 

115 prises an inductor connected in series with a 
capacitor. 

9. A signal oscillator with mode suppres- 
sion apparatus according to claim 8 wherein: 

said second non-resonant reactive circuit 
120 path comprises an inductor; and 

said First non-resonant reactive circuit com- 
prises a capacitor, 

1 0. A signal oscillator with mode suppres- 
sion apparatus according to claim 9 wherein: 

125 said second non-resonant reactive circuit 
path comprises a capacitor; and 

said first non-resonant reactive circuit com- 
prises an inductor. 
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the tank circuit comprises a parallel resonant 
reactive circuit path in series with a second 
non-resonant reactive circuit path. 

12. A signal oscillator with mode suppres- 
5 sion apparatus according to claim 1 1 wherein 
the parallel resonant reactive circuit path com- 
prises an inductor connected in parallel with a 
capacitor. 

13., A signal oscillator with mode suppres- 
10 sion apparatus according to claim 12 wherein: 
said second non-resonant reactive circuit 
path comprises an inductor; and 

said first non-resonant reactive circuit com- 
prises a capacitor. 
15 14. A signal oscillator with mode suppres- 
sion apparatus according to claim 1 3 wherein; 

said second non-resonant reactive circuit 
path comprises a capacitor; and 
said first non-resonant reactive circuit com- 
20 prises an inductor. 

15. A signal oscillator with mode suppres- 
sion apparatus substantially as hereinbefore 
described with reference to any of Figs. 1 , 2a 
to 2c and 3a to 3e of the accompanying 
25 drawings. 

CLAIMS (27 June 1980) 

1. A signal oscillator with mode suppres- 
sion apparatus for limiting the frequencies of , 

30 oscillation to a selected band of frequencies, 
said apparatus comprising: 

inverting amplifier means having input 
means and output means; and 
signal feedback means, said signal feedback 

35 means including: 

crystal resonator means connected in series 
between the input and output means of the 
inverting amplifier means for producing a rela- 
tively stable oscillator output signal; and 

40 fi rst anc j second shunt reactive means/ one 
of said first and second shunt reactive means 
having one end connected to the input means 
of the inverting amplifier means, the other of 
said first and second shunt reactive means 

45 having one end connected to the output 
■means of the inverting -amplifier means, and 
the other ends of each of the first and second 
shunt reactive means being connected one to 
the other; 

50 said first and second shunt reactive means 
having a series resonant tank circuit and a 
parallel resonant tank circuit with the resonant 
frequencies of the series and parallel circuits 
being selected so that one of said first and 

55 second shunt reactive means has a reactance 
value of the same sign as the reactance value 
of the other of sard first and second shunt 
reactive means and a different sign than the 
reactance value of the crystal resonator means 

60 in the selected band of frequencies for provid- 
ing 180 e phase shift through the signal feed- 
back means in that selected band of frequen- 
cies. 

2. A signal oscillator with mode suppres- 
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one of said first and second shunt reactive 
means includes the parallel resonant tank cir- 
cuit and the other of said first and second 
shunt reactive means includes the series reso- 
. 70 nanttank circuit. 

3. A signal oscillator with mode suppres- 
sion apparatus according to claim 2 wherein: 

said parallel resonant tank circuit has a 
resonant frequency, f lr and said parallel reso- 
75 nanttank circuit has a negative reactance 
above f, and a positive reactance below f t ; 
and 

said series resonant tank circuit has a reso- 
nant frequency, f,, and said series resonant 
80 tank circuit has a positive reactance above f 2 
and a negative reactance below f 2 ; 

said resonant frequencies f, and f 2 defining 
said selected band of frequencies, 

4. A signal oscillator with mode suppres- 
85 sion apparatus according to claim 3 wherein 

f, is selected to be less than f 2 causing said 
crystal resonator means to assume a positive 
reactance value between f, and f 2 and the 
oscillator to operate in the Colpitts or Pierce 
90 configuration between frequencies and f 2 . 

5. A signal oscillator with mode suppres- 
sion apparatus according to claim 3 wherein 
f 2 is selected to be less than f, causing said 
crystal resonator means to assume a negative 

95 reactance value between f 2 and f, and the 
oscillator to operate in the Hartley configura- 
tion between frequencies f 2 and f v 

6. A signal oscillator with mode suppres- 
sion apparatus according to claim 1 wherein: 

1 00 one of said first and second shunt reactive* 
means includes a tank circuit being a combi- 
nation of the series resonant tank circuit and 
the parallel resonant tank circuit; 

the other of said first and second shunt 

1 05 reactive means includes a first non-resonant 
reactive circuit; and 

the tank circuit configured as above defined 
having a series resonant frequency and a 
parallel resonant frequency, these frequencies 

1 1 0 defining the band of frequencies between 
which oscillation is made possible. 

7. A signal oscillator with mode suppres- 
sion apparatus according to claim 6 wherein 
the tank circuit comprises a series resonant 

115 reactive circuit path in parallel with a 
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